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Fecal Coliform Bacterial Sour ces:
Estuaries

¢ Human Sources

Septic systems

Wastewater treatment plants
Marinas

Combined sewer overflows
Golf Courses

& Non-human Sour ces

Urban; domestic animals & urban wildlife
Rural: livestock & rural wildlife



Why Should \We Be concerned:




Microbial Contamination

¢ Recreational Use
| ncrease in infection from contact recreation

& Tourism

& Shellfish Harvesting
Contaminated shellfish meat
Shoreline Survey and Menitering (I SSC)

Need to Discern Pollution Sources

Pathegens:
Norwalk virus, Hepatitis, Cryptosporidium, Vibries,
E. coll



Possible Human Sour ces

lllegal dumping
firom boats

Sewage: sawer system,
septic tanks



Possible Animal Sources

- 18

Wilalife

Agricultural
animals



SUMMARY & OVERVIEW:
MST Methods

(E. coli, Enteroccocus, and Bacteroides)

— Phenotypic - ARA, Carbon Source Profiles, Etc.

— Genotypic - RT, PFGE, Rep/BOX PCR, LH-PCR, T-
RFLP, AFLP, Etc.

- Enterotoxins, slgA, Etc.

(Coliphages, Enteroviruses, Adenoviruses, and HAV)

— Phentoypic/Genotypic - Coliphage Serotyping and
Genotyping

— Genotypic - RT-PCR & Nested PCR



MST SUMMARY & OVERVIEW:
Bacterial and Viral Research |ssues

o Factors To Consider in Evaduating MST Methods
— Accuracy
— Senditivity & Specificity (Human vs. Animal or
Human vs. Specific Non-Human Animas

— Ease of Methods, Training Required, & Technol ogy
Transfer

— Cogt
— Equipment: Investment, Throughput, Automation
— Library vs. Non Library Methods



Management ofi Urbanization | mpacts. Coliform Source
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Pulsed Field Gel Electrophoresis of E. coli Isolates from Various Animal and Human Sources,
Not I digests. Other methods: Ribotyping, Coliphage & Antibiotic Resistance =
“Weight of Evidence” Approach



M ST |ssues:
Database Dependant Methods

e ARA, RT, PFGE
- Database Sze

- Accuracy of Knowns (Stool Samplesvs. WWTP)
- # of Hosts for Knowns

- # of |solates/Sample

- Temporal/Spatia |ssues

- Internal vs. External Reliability & Accuracy

- Stahility (Both Isolate L evel and Popul ation-Host
Leve)



M ST Resear ch |ssues.
Non Database Dependant Methods

 Biomarkers, Coliphage, Adenoviruses,
Enteroviruses

— Accuracy & Sensitivity (Selectivity) of Knowns
— # of Hostsfor Knowns
— # of | solates/Samples

— Temporal/Spatia Stability (L ess Sengtive but More
Universa in Geographic/ Temporal Comparisons)



MST Research Needs

e Linking MST with Waste L oad Allocations

 Presumptive TMDLSs
-Human*
-Petsand Livestock*
-Wildlife

e Case Study in SC Water sheds

(* = Presumptively Predicted)



T alk Overview

¢ Urbanization in SE Estuaries Study (USES)

¢ Broad Creek - Okatee River Study

¢ L and Use and the Coastal Envirenmental Study
(LUCES)

¢ SC Impaired Watershed Study.



NS Studied Within South Carolina




,d...-_f*” e Urbanization in Southeastern
# ./ Estuarine Systems (USES) Study

Murrells Inlet

North Inlet




MurrellsInlet, South Carolina

Urbanization and Southeastern Estuarine Systems Project



MurrellslInlet, South Carolina

1997

1994

Urbanization and Southeastern Estuarine Systems Project



USES Study

& Objectives

Compar ative Microbiolegy ina pristine (NI) and'a
highly urbanized (M) watersned

¢ Methods
Fecal Coliform MPNsand APl Typing

Surface water & oystersat 30 sites/estuary across a
gradient (Inner, mid and outer)



Murrells Inlet

North Inlet




USES BACTERIOLOGY
Fecal Coliform MPNs in Sea Water
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Bacterial Species Present In Water Samples At Spatial Sampling

Stations (Annual Summary 1992-1993)

v Escherichia coli

% Klebsiellapneumoniae
Pseudomonas aeruginosa

% Proteus mirabilis

W Serratia odoriferal

% Enterobacter sakazakii

B Kiebsiella oxytoca

B Pseudomonas putrefasciens

B Pseudomonas fluorescen
Kluyvera sp.

& Hafnia alvei

R Serratia marcescens
Unidentified Species

B No coliform present




Diffierentiating Human & Non-human
Sources of Fecal Pollution

M ultiple Antibiotic Resistance (MAR)
Analysisof E. coll

& Expose E. coli to diffierent antibiotics

& E. coll from human sources likely to exhibit
greater freguency of resistance to a greater
nuMmber of antibiotics and In different patterns

e
J
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Penicillin Control



Discriminant Analysis of MAR Profiles
of Rookery Bay | solates (Parveen et al., 1997)

Source No. (%) of |solates Classified As:
(# Isolates) Human Nonhuman
Human  (111) 103 (93%) 8 (V)

Nonhuman (104) 217 (26) 77 (714%)
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MAR Analysis of
E. coli in M1

Only 4 sites had high
MARSs (>0.05)

Only station 04-29 had
resistanceto 3 or more
antibiotics.

Antibioetic resistance at all
other surface water sites
wasto either ampicillin
and/or penicillin.

MARsof STP lift stations
in M1 averaged 0.07

/8% of the ST P isolates
Wer e resistant to 3 or.
mor e antibiotics
compared to only 3%: of
the surface water samples.




MAR Resistance Pattern Cluster Analysis

Cluster analysis of antibiotic
resistance patternsin surface
water and STP in M

¢ Only surface water station 04-
29 had isolates which were
highly clustered with MAR
patternsin ST Pslift stations.

4 T hiswasthe only surface
water sampling site which had
distinct human MAR
resistance patterns.

& All the other surface water
stations (unshaded) were
clustered far to theleft and
had M AR patterns disimilar
to known human pellution
sourcesin the area.

4 Suggeststhat most of the
pollution sourcesin M were
animal rather than human
pollutiens sour ces.




Total Maximum Daily L oad Estimates
fior Fecal Coliform Bacteria:
Shellfisn Harvesting \Waters

¢ [otal fecal M PN Budget
= MIPN (#/100 ml) x Estuary Volume (ml)

¢ MPN (longterm moenitoring data)
¢ Volume (bathymetry data)

¢ Calculate Fecal Wasteloads (humans +
domestic animals + wildlife)



Estimated Source L oadings of Coliferm Bacteriain MurréellsInlet

Human Estimated # Fecal Coliforms Per Day
Population Dog Cat Dog Cat Both
19,816 3093 4472 1.33x10% 2.40x10*%* 253 x10%

Estimated Fecal Coliform Budget for Murreélls|nlet

Volume Estimate @ M PN Density ® Estimated Fecal Coliform
Coliform MPN (ml) (#/100ml) fior M1 in Toetal MPN
L ow High L ow High
1.87x102  1.06x10%*% 12.2 133.3 2.87x10% to 1.41x10*%

a = Volume estimate taken from: high resolution Gl S bathymetry survey of Ml
b = MPN estimate taken firom SC DHEC 10 year data set on monthly sampling, 1989-1999



Example TM DL Wasteload Calculation:
Murrells|nlet

¢ Human
All (19,819) = 0.43 x 10** M PNs/day
Septic Tank (1,585) = 0.03 x 10 M PNs/day

& Domestic Animals
Dogs (3,993) = 1.33 x 10** M PNs/day
Cats (4,472) = 2.40 x 10* VM PNs/day

¢ Total Human and Pet Wasteload = 2.56 x 104 to
2.99 x 1014

¢ Unknoewn ?? = wildlifie, decay rate, fecal leeching
rate, groundwater inflow rate



—

vention (By Sewage T reatment Plant) Errect on
Fe al Colitorm Densitiesat Murrells Iniet
(1967-1995)







Results of regression modeling

Range of R? = (0.4120 - 0.4847)

| mportant environmental variables:
e 48-hour and 14-day rainfall,

e Tide, and

o Salinity

| mportant land use variables:

e Distanceto urban areas,

e Distanceto areaswith septic tanks,
e Distanceto lift stations, and

e Distanceto marinas

Urbanization and Southeastern Estuarine Systems Project



North Inlet MAR for May 2001

Grosso Master Thesis, Summer 2001
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Uses Study: Conclusions

¢ MARs found throughout M| and only at urban

gtesin NI.

¢ MAR Analysis. Only 1 M
patterns of W\WWTP.

| site matched MAR

¢ GlS Analysis: The 1l M| sitewith high MAR that

matched WW TP was ad]

¢ FC MPN Budget: Pets>
Septic 0.1% ) = Suggests
Sourees

acent to lift station.
Human | nput (AlI=17%;

Primarily Nonhuman



Broad Creek and Okatee River: Study Areas

Broad Creek
and Okatee River
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Coliform Bacterial Composition in Surface
Waters of Various South Carolina
Estuarine Systems

North Inlet Okatee River

Murrells Inlet Broad Creek

3% —

Increasing E. coli Component

B E. coli

B No coliforms

Other Bacterial Species




Coliform Bacteria (MPN) and Multiple

Antibiotic Resistance (MAR) Results MIPNSs
"High MPNs (>43/100
ml) at all BC Sites

-MPNs at BC > OR

-Tidal Creeks > River
or Intertidal Sites

MAR
BC: 7/15 (47%) sites
Positive MAR

OR: 3/15 (20%) sites
Positive MAR




Summary of Antibiotic Resistancein SC
Sewage Treatment Plants

FTSTP

FIN.

12/97 BC-1 HH-1 LC-1 OK-1 Si-1 WX-1
Antibiotic (n=2) (n=13) (h=15) (n=15) (n=15) (n=15) (n=13)
Ampicillin 0 3 3 2 9 1 0
Chlortetracycline 1 0 0 0 0 0 0
Kanamycin 0 0 0 0 0 0 0
Nalidixic acid 0 0 0 1 0 0 0
Neomycin 0 4 4 1 0 0 0
Oxytetracycline 1 10 7 8 ) 3 )
Penicillin G 0) 3 4 1 0 0) 0
Streptomycin 1 2 3 1 0 0 0
Sulfatazele 0 3 3 1 2 3 0
Tetracycline 1 3 2 1 0 0 0)
Total # Resistance 4 28 26 16 20) 7 9
Percent Resistant 20%  22% 17% 11% 13% 5% 7%

# Antibiotics Resistance 4 7 1/ 8 3 3 1
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Okatee River
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MPN/100mL MAR(%)

# Resistant 0/ SU[‘lSjti?it"j’
< Background

Slightly > Background

. Significantly > Background

Mo E. coli present




DISTANCE

Broad/ Okatee Surface Water (SW) Bacterial Coliform - Antibiotic Resistance Clustergram

% = |solate that does
NOT resemble STP

¥ = Isolates with exact
same MAR pattern

B= Broad/Okates SW samples

E= Biufion County SW samples
B= STP

!!!!!!!!!

BCR4;
BLF2 = STP

OK: T2; T3; 14 (3/3 = 100%)

BC: R4; R5; T2; T4,
T6; 11 (6/7=86%)

BLF3 (1/2 = 50%)

% = number of

sites with similar
MAR patterns to
STPs




Broad Creek-Okatee River & LLUCES Studies:
Additional MAR Panel

Antibioetic Conc. (ug/ml) % Resistance
Nitrofurantein 32 10
Cepahalothin 8 1100)
Aztreonam G 70
Cefpodoxime 2 60
Cefazolin 38 30
Cefoxitin 8 40

(No resistance found in Ampicillin/Sulbactam, Ceftazidime, Piperacillin,
Trimethoprim/Sulfamet., Ciprofloxacin, Cefuroxime, Ceftriaxone, Cefotaxime,
Gentamicin, Tobramycin, Amikacin, L evofloxacin, M eropenem,

I mipenem/Cilistatin)

Confirmed earlier contemporary MAR Panel for BC and OR



ORKATEE RIVER ESTUARY




L UCES Study:
MAR Temporal Comparisons

BC Okatee

Antibiotic STPs 1997 1997 20,01
Ampicillin 2.1% 0.3% 0.0% 0.8%
Chlor. Tetra. 0.7% 0.6% 0.0% 2.5%
Kanamycin 0.0% 0.1% 0.0% 2.5%
Nalad. Acid 0.1% 0.1% 0.0% 3.3%
Neomycin 0.0% 0.0% 0.0% 0.0%
Oxy. Tetra. 1.1% 1.0% 0.0% 5.0%
Penicillin 5.4% 0.4% 0.9% 3.3%
Streptomycin 0.9% 0.0% 0.0% 3.3%
Sulfathiazole 0.7% 0.0% 0.1% 0.0%
Tetracycline 1.4% 0.8% 0.0% 5.0%
% MAR 12.3% 3.4% 1.0% 2.6%
# Antibiotics 8 / 2 8

*Per cent | solate Resisiance/Antibiotic



MAR: Regional Comparisons

SITEMAR?
W % Difference
atershed Developed Undeveloped (DEV. v. UNDEVY) Reference
Florida 25 (3.5) 13 (1.9) 47 Parreen et al.,
(Appalachicola Bay) 1997
Maryland
(Anacostia R., Annapolis Harbor 0] (4_5) 28 (1_4) 69 Kaspar et al.,
Baltimore Harbor vs. Chester R., 1990
MilesR., Wye R., and L ove Point)
South Carolina 3 1 67 \Van Dolah et al.,
(Broad Creek vs. Okatee R.) 20000

[ Y )=Tidal Adjusted MAR)]



Broad Creek - Okatee River & LUCES
Studies: Conclusions

¢ High FC M PNs measured in both BC and OR.

¢ BC: 7 siteswith high MAR which matched MAR patterns
of WW TP (6/7 sites=85%).

¢ OR: 3 steswith high MAR which matched MAR patterns
of WWTP (3/3=100%)).

¢ GIS Analysis— High MAR regionsin BC and OR were
correlated with knewn pollution sources (WW TP, septic
tanks, spray irrigation fields).



Saluda

Catawba

Pee Dee

R C Impalred Watersned Study

Waccamaw



SC IImpaired Watershed Study: Metheds

& Objectives
Determine source of FC causing impairment of water
guality

¢ Methods
FC (API) > E. coli > MAR — Ribotyping
Coliphage (Somatic & Male)

F*RNA Typing: Group 1 (animals & human)
Groups 2 & 3 (human)
Group 4 (animal)



Coliphage
Families
Somatic (F-)
Infect through receptors
O cell wall
30 nm on host cell wall
oX174
ss RNA ssDI@IA
il \|ae-Specific (F+)
MS2 fd
Infect through receptors

on host F pili

IAWPRC (1991). Water Res. 25(5):529-545.



Typesof Coliphages: Somatic (F)

F-DNA _
7 Somatic

: ' Infect host through
C_{EHost] > receptors on cell wall

(Without F Pili)
Four Families
Sphoviridae

@ o

Myoviridae

Icroviridae  Podoviridae

e

Bar = 100 nm; First three photos by Fred Williams, EPA




Types of Coliphages. Male-Specific (F)

F*DNA .
N (Two Families)
Male-Specific—. F RNA
Infect host through RN D
receptors on F pili F+ Host
ATT/Z TV T/
(With F Pili)

FTRNA = Levivirdae

Bacteriophage MS2. Valegard et al. (1990). Licensed for use, Inst. for
Molecular Virology.
(linked to http://www.bocklabs.wisc.edu/images/ms2.ipa). 6 May 2002.



SC Impaired Watershed Study: MAR Results

Source MAR Index Antibiotics
WWT Ps 8 COT
Chicken Farms 16 COT
Hog L agoons 12 COT
Surface Water (All) 2

Savannah 2.9 PCKNOSSIT
- Catawba 0.9 APOT
- Saluda 2.8 APT
- Pee Dee 20) AP
- MD 3.9 APOT :;
COT
Other Animalsg 0] -

1= (cows, dog, horses and birds)
Antibiotics Tested: Ampicillin(A), Chlortetracycline (C), Kanamyecin(K), Nalidixic Acid (N),

Neomycin (Ne), Oxytetracycline(O), Penicillin (P), Streptomycin (S), Sulfathiazoele (Sf),
Tetracycline (T)



Number of | solates

F+RNA Coliphage Typing Results
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What Is the origin of
type | FFRNA
coliphages detected
INn municipal
wastewaters?




F+RNA Typing for Surface \Waters.
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Water shed



Legend

Typell or Il Phage
@® Typel (only) Phage
No FFRNA Phage

/\ NPDES Permit Sites

Streams

B \atershed



Middle Saluda Stations

@ Surface Water Sample Site
A\ Wastewater Treatment Facility
[ MidSaluda Watershed

: Site MAR
MPN/L00ml fndex (%)
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Colifiorm/Coliphage Assessment for the
K eowee Stations
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@ surface Water Sample Site

. Cow Feces

@ Chicken Farm

& Wasterwater Treatment Facility
Lower Saluda Watershed

Site MAR
MPN/100mi Index (36)

COLIPHAGE .
RIBL J
GROUP it

| ower Saluda Stations
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=200l ©
=200=400[ | =0<3.2%
> 400 [ >3.2%
Not Determined [ | No E.coli
COLIFHAGE
GROUP RIBOTYPE
IOnly [ ] 40-60% P & NP
Il or Il Present ] = 60% P
IV Present il > ¢0% NP
No F+ RNA Phage [ | Mot Determined

02406
o =

Kilometers




Middle Saluda \Water shed

by

Coliphage/MAR Com posite Index
@ Frobable Human

(O Possible Human/Anthropogenic
(O Possible Animal/Anthropogenic
@ Possible Animal/Non-Anthropogenic
(O No Data

Sources and Paths
2\ Wastewater Treatment Facility

V' Rivers and Streams

0 10 20
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| ower Saluda \Watershed

Coliphage/MAR Com posite Index Sources and Paths

@ Probable Human 2\ Wastewater Treatment Facility

() Possible Human/Anthropogenic @ Chicken Farm

() Possible Animal/Anthropogenic @ Cow Feces o 7 16
@ Possible Animal/Non-Anthropogenic @© Bird Feces ﬁ
O

No Data V' Rivers and Streams &



SC IImpaired Watershed Study:
Conclusions

¢ High FC MPN’s and coliphage levels appeared to
CO-Occur In mest watersheds and in known human
pollution sources.

¢ High MAR and Groups 2 & 3 F*RNA coliphages
fiound at WW'T P and sites downstream.

& Groups 2 & 3 F*RNA coliphages not found at
Chicken Farms and in other animals.



SC IImpaired Watershed Study:
Conclusions

¢ High FC and MAR found at sites adjoining WWT Ps,
Chicken Farms and Hog L agoons.

¢ MAR (% Resistant to 1 Antibietic): Chicken Farms
(60% ) > WWTP (28%) > SW. (8%)

¢ MAR Index: Chicken Farms (16%) > Hog L agoons
(12%) > WWT P (8%) > SW. (2%) > Animals (0%)

¢ Ribotyping analysisisincomplete.



CONCLUSIONS

& E. coli wasthe dominant fecal coliform bacteria.

¢ High MARswere found in WW T P and Domestic
Animal Seurceswith C-O-T and A-P-C-O-T
Patterns.

¢ MARsvaried among WW T Ps.

¢ MAR was found more prevalently in surface
waters adjoining know human pollution sources
(WWT Ps, septic tanks & land applied sewerage)
than in pristine or NPS areas.



CONCLUSIONS

¢ Coliphage Typing was useiul, particularly when
used in conjunction with MAR.

¢ Modéding of Land Use and | dentification of
Known Pollution Sources provided useful
“Presumptive Models’ of Bacterial loadings.

& Presumptive TMDL Modéels are useful te direct
environmental management of bacterial pollution
sources within awater shed.

¢ Future Studies: Link Multiple M ethods



CONCLUSIONS

¢ PFGE and Ribotyping results were not conclusive and
reguire local/regional specific database.

¢ Coliphage Typing was useiul, particularly when used in
conjunction with MAR.

¢ Modeling of Land Use and | dentification of Known
Pollution Sources provided useful “ Presumptive M odels’
of Bacterial loadings.

¢ Presumptive TM DL Models are useful to direct
environmental management of bacterial pollution sources
within a watersned.

¢ Future Studies; Link Multiple M ethods



Human Sources of Fecal
Contamination

—rpyTT

Municipal Wastewaters

[

Septic Tanks

......




Animal Sources of Fecal Contamination

Wild Animals

Livestoc




